Objective: The effect of preoperative malnutrition on outcomes in patients undergoing major vascular surgery is unclear. We investigated the effects of preoperative hypoalbuminemia, a marker for malnutrition, on outcomes after open abdominal aortic aneurysm repair (OAR) and endovascular abdominal aortic aneurysm repair (EVAR).
Malnutrition is a broad term that describes any nutritional imbalance and can develop from inadequate dietary intake, exaggerated metabolic perturbations, impaired nutrient absorption, excessive substrate losses, or any combination of these factors. [1] [2] [3] [4] Contemporary data have estimated that w30% to 50% of hospitalized patients are malnourished and that the prevalence of malnutrition is comparatively higher in surgical patients. 1, [5] [6] [7] [8] [9] Among the myriad of nutritional parameters available for use as nutritional assessment tools, the serum albumin level has traditionally been emphasized as an important biomarker of nutritional status because it is considered to correlate closely with the degree of protein-energy malnutrition. [10] [11] [12] [13] Furthermore, preoperative hypoalbuminemia is a well-documented prognostic indicator of postoperative complications among patients undergoing cardiac and noncardiac surgery. [14] [15] [16] [17] [18] [19] Protein-energy malnutrition is a potentially modifiable factor that can be identified and intervention initiated during the preoperative period to achieve the best possible surgical outcomes. Yet, evaluation of preoperative hypoalbuminemia and its association with postoperative outcomes has not been thoroughly examined in patients undergoing abdominal aortic aneurysm (AAA) repair. One earlier study examined the effects of preoperative nutritional status on postoperative outcomes of vascular surgery patients and demonstrated that the preoperative serum albumin level was an independent predictor of major adverse events and 1-year mortality. 20 However, that study was limited by a small sample size, lack of female patients, and inclusion of only a small fraction of patients undergoing AAA repair.
The aim of this study was to investigate the effects of preoperative hypoalbuminemia on postoperative outcomes after open AAA repair (OAR) and endovascular AAA repair (EVAR). We analyzed the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database to determine the association between preoperative serum albumin levels on 30-day morbidity and mortality to assess the value of preoperative hypoalbuminemia in predicting adverse outcomes after OAR and EVAR. We hypothesized that preoperative hypoalbuminemia would increase the risk of morbidity and mortality after OAR and EVAR.
METHODS
The Boston University School of Medicine Institutional Review Board waived the need for patient informed consent and approved the use of deidentified data for this study.
Patient selection. The ACS-NSQIP is the leading nationally-validated, risk-adjusted, outcome-based program that maintains a prospective, multicenter database of surgical cases performed in academic and nonacademic hospitals across the United States. Details pertaining to the data gathering and structure of the participant use files have been previously described. 21, 22 The ACS-NSQIP data set provides detailed patient demographics, preoperative risk factors, procedural details, length of stay (LOS), and in-hospital and 30-day complications. We identified all consecutive patients who underwent AAA repairs between 2005 and 2012 using the Current Procedural Terminology (CPT) codes (American Medical Association, Chicago, Ill) for OAR (35081, 35082, 35091, 35092, 35102) and EVAR (34800, 34802, 34803, 34804, 34805). Fig 1 shows the flowchart for the patient selection process for our study. The ACS-NSQIP database only collects preoperative laboratory tests. The analysis excluded patients with missing data for preoperative serum albumin levels, body mass index (BMI), age, and gender. After exclusion, <1% of patients had any missing data, and missing data were treated as noninformative.
Variables and outcome definitions. As illustrated in Fig 1, patients undergoing OAR or EVAR were stratified into three groups by albumin level: normal albumin (>3.5 g/dL), moderate hypoalbuminemia (between 2.8 and 3.5 g/dL), and severe hypoalbuminemia (<2.8 g/dL).
The delineations of serum albumin levels described here have been used in such composite indexes as the Childs-Pugh score for liver cirrhosis and have been previously demonstrated to be associated with poor clinical outcomes. 23, 24 Demographic variables examined included age, gender, race, BMI, and current smoking status. BMI classification was assigned according to National Institutes of Health definitions of underweight (<18.5 kg/m 2 ), normal weight (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/m 2 ), and obese ($30 kg/m 2 ). 25 Also recorded was preoperative functional status (independent, partially dependent, totally dependent), which assessed the patient's ability to perform activities of daily living before the operation. Medical comorbidities analyzed included dyspnea (defined as difficult, painful, or labored breathing at patient's baseline #30 days before surgery), chronic obstructive pulmonary disease (COPD), diabetes mellitus, hypertension, prior myocardial infarction (MI), congestive heart failure (CHF), peripheral vascular disease, renal failure (defined as rapid decline of kidney function #24 hours before surgery), dialysis dependence (identified patients who required peritoneal dialysis, hemodialysis, hemofiltration, hemodiafiltration, or ultrafiltration #2 weeks before the index procedure), prior transient ischemic attacks or cerebrovascular accidents, ascites, and chronic steroid use. Other variables measured included presence of a do not resuscitate status, >10% weight loss in the last 6 months, history of an operation #30 days, preoperative presence of a wound or infection, preoperative anemia (hematocrit <30%), designation as an emergency case, and use of general anesthesia. Ruptured aneurysms were identified by CPT codes (441.3, 441.5).
Outcomes evaluated included 30-day mortality, graft failure (mechanical failure requiring return to the operating room, interventional radiology, or balloon angioplasty #30 days), cardiac complications (acute MI and cardiac arrest), pulmonary complications (pneumonia, for categoric variables and analysis of variance for continuous variables. Variables with P < .2 and those considered to be clinically significant were entered into the multivariable logistic regression models. The variables considered as possible confounders were age, gender, race, BMI, current smoking status, functional status, dyspnea, COPD, hypertension, CHF, renal failure, dialysis dependence, chronic steroid use, designation as an emergency case, use of general anesthesia, juxtarenal repair, and ruptured aneurysm. Logistic regression was used to compare 30-day mortality, 30-day postoperative complications, and reoperation #30 days. The effect was expressed by odds ratio (OR) with corresponding 95% confidence intervals (CIs). Multivariable gamma regression was used to compare hospital LOS between the groups, and the effect was expressed by means ratio (MR) with the corresponding 95% CI. The MR intuitively expresses relationships on multiplicative scale or as percentage change. Statistical significance was defined as P < .05. Statistical analyses were performed using SAS 9.2 software (SAS Institute, Inc, Cary, NC).
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RESULTS
The ACS-NSQIP documented 15,002 patients with a recorded preoperative serum albumin level who underwent AAA repair. The median time between the laboratory draw and the index procedure was 6 days (range, 0-90 days). Of the 4956 OAR patients, 316 (6%) had severe hypoalbuminemia, 940 (19%) had moderate hypoalbuminemia, and 3700 (75%) had normal albumin levels. Among the 10,046 EVAR patients, 435 (4%) had severe hypoalbuminemia, 1688 (17%) had moderate hypoalbuminemia, and 7923 (79%) had normal albumin levels (Tables I and II) . Compared with patients with missing preoperative serum albumin levels, patients with a recorded preoperative serum albumin level were more likely to be functionally dependent with a higher burden of comorbidities, but the actual numbers in the differences among the demographic variables between the two groups were low (Supplementary Tables I and II , online only). OAR patients with the most severe hypoalbuminemia were more often women, non-Caucasian, and functionally dependent. These patients also had proportionately higher prevalence of comorbidities, including dyspnea at rest, recent MI, renal failure, dialysis dependence, prior transient ischemic attack/cerebrovascular accident, ascites, chronic steroid use, recent weight loss, preoperative wound or infection, and anemia. A greater proportion of patients with lower serum albumin levels who underwent OAR presented with a ruptured aneurysm and required emergency repair (Table I ). Similar to the OAR cohort, EVAR patients with the most severe hypoalbuminemia were also more often women, less likely to be Caucasian, and more likely to be functionally dependent. Likewise, these patients had a consistently higher burden of comorbidities, including dyspnea at rest, COPD, recent MI, CHF, peripheral vascular disease, renal failure, dialysis dependence, ascites, chronic steroid use, recent weight loss, preoperative wound or infection, and anemia. Finally, a larger proportion of patients with lower preoperative serum albumin levels who underwent EVAR also required emergency repair (Table II) . Unadjusted analysis of outcomes in OAR patients stratified by preoperative serum albumin levels revealed that patients with the more severe form of hypoalbuminemia had significantly higher rates of 30-day mortality, cardiac complications, pulmonary complications, wound complications, and reoperation, and longer hospital LOS (Table I) . Furthermore, a secondary analysis that excluded OAR patients who presented with a ruptured aneurysm or required emergency repair, or both, showed that patients with lower serum albumin levels experienced higher rates of 30-day mortality, pulmonary complications, wound complications, and reoperation, and longer hospital LOS (Table III) . Like the OAR patients, unadjusted analysis of outcomes in EVAR patients also demonstrated that patients with a more severe form of hypoalbuminemia had significantly higher rates of 30-day mortality, cardiac complications, pulmonary complications, and reoperation, and longer hospital LOS (Table II) . Moreover, even the secondary analysis, in which we excluded EVAR patients who presented with a ruptured aneurysm or required emergency repair, or both, illustrated that patients with lower serum albumin levels experienced higher rates of 30-day mortality, cardiac complications, pulmonary complications, and reoperation, and longer hospital LOS (Table IV) .
With regard to OAR patients, multivariable analysis revealed that moderate hypoalbuminemia was associated with increased 30-day mortality (OR, 1.32; 95% CI, 1.02-1.70; P ¼ .035) and a 10% longer LOS (MR, 1.10; 95% CI, 1.04-1.16; P ¼ .001), whereas severe hypoalbuminemia was associated with higher risks of 30-day mortality (OR, 1.92; 95% CI, 1.37-2.70; P < .001), reoperation (OR, 1.80; 95% CI, 1.32-2.48; P < .001), and pulmonary complications (OR, 1.40; 95% CI, 1.06-1.86; P ¼ .017), and a 33% longer LOS (MR, 1.33; 95% CI, 1.21-1.45; P < .001; Fig 2) .
For EVAR patients, moderate hypoalbuminemia was associated with increased 30-day mortality (OR, 1.90; 95% CI, 1.38-2.62; P < .001), pulmonary complications (OR, 1.61; 95% CI, 1.26-2.04; P < .001), and reoperation (OR, 1.39; 95% CI, 1.12-1.74; P ¼ .004), and a 23% longer LOS (MR, 1.23; 95% CI, 1.18-1.29; P < .001), whereas severe hypoalbuminemia was associated with even higher risks of 30-day mortality (OR, 2.98; 95% CI, 1.96-4.53; P < .001), pulmonary complications (OR, 1.88; 95% CI, 1.32-2.67; P < .001), and reoperation (OR, 1.54; 95% CI, 1.08-2.19; P ¼ .018), and a 52% longer LOS (MR, 1.52; 95% CI, 1.40-1.65; P < .001; Fig 3) .
DISCUSSION
In the present study, we investigated the effects of preoperative hypoalbuminemia on outcomes after AAA repair in a large, multi-institutional, nationally-validated database. Our findings demonstrate that preoperative hypoalbuminemia is associated with increased mortality and morbidity after OAR and EVAR, with lower serum albumin levels associated with higher risks of adverse outcomes. Specifically, moderate hypoalbuminemia was an independent predictor of mortality and longer LOS after OAR and mortality, pulmonary complications, reoperation, and increased LOS after EVAR, whereas severe hypoalbuminemia was found to be a stronger predictor of mortality, pulmonary complications, reoperation, and longer LOS after OAR and EVAR. Our study highlights that preoperative hypoalbuminemia is not only a significant prognostic tool but also a marker of illness severity in vascular surgery patients undergoing AAA repair.
Previous studies have illustrated that preoperative hypoalbuminemia was associated adverse outcomes in patients undergoing cardiac and noncardiac operations. [14] [15] [16] [17] [18] [19] Hennessey et al 17 evaluated 524 patients undergoing gastrointestinal operations and reported that preoperative hypoalbuminemia was a risk factor associated with development of surgical site infections and prolonged inpatient stay. A single-center study of 588 patients undergoing coronary artery bypass graft surgery found preoperative hypoalbuminemia was an independent predictor of poor 8-year survival. 14 More recently, Hu et al 18 stated that the serum albumin level provided more accuracy in predicting postoperative morbidities than other preoperative variables such as body weight loss and low BMI. Finally, the dose response described in our study, with lower serum albumin levels being associated with higher risks of mortality and morbidity, parallels results presented in prior reports. 16, 19 Our study further underscores the findings of past studies by demonstrating that preoperative hypoalbuminemia is associated adverse outcomes in a severity-dependent manner. Smaller studies within the vascular surgery literature have looked at the effects of preoperative hypoalbuminemia on patient outcomes. 20, 26, 27 A single-center study of general and vascular procedures demonstrated that preoperative hypoalbuminemia was associated with surgical site infections. 26 Our study shows that hypoalbuminemia did not have any significant effect on wound complications, and this difference may be because general surgical patients undergoing a bowel resection were included in the former study and a lack of groin incisions in vascular surgical patients in our study. Boitano et al 20 compared outcomes between Veteran Affairs and private hospital settings in 591 men inclusive of patients undergoing six different vascular procedures and identified preoperative serum albumin level as an independent predictor of 30-day mortality, MI, stroke, and 1-year mortality. Most recently, a single-center study of 126 infrainguinal reconstructions found preoperative hypoalbuminemia was independently predictive of poor amputation-free survival in very elderly patients with critical limb ischemia. 27 Nonetheless, our study extends the prior work by evaluating the effects of preoperative hypoalbuminemia on outcomes of vascular surgery patients, specifically after OAR or EVAR, in a large, multi-institutional, nationally-validated database.
Gradual implementation of Enhanced Recovery After Surgery (ERAS) protocols has demonstrated the clinical utility of preoperative nutrition in colorectal and gastrointestinal surgery patients, and its importance cannot be overstated. 10, [28] [29] [30] [31] Our study emphasizes that the preoperative serum albumin level is not only a significant prognostic tool but also a marker of illness severity in vascular surgery patients. Recognizing patients with preoperative hypoalbuminemia, which may not be clinically apparent, will allow surgeons to identify patients at greater risk for postoperative complications among vascular surgery patients with myriad of comorbidities and better inform these patients about their risks of available treatment options: open repair, endovascular repair, or no surgical intervention. In appropriate clinical settings, protein-energy malnutrition is a potentially modifiable factor that can be intervened on during the preoperative period to achieve the best possible surgical outcomes. Therefore, preoperative serum albumin testing should be routinely incorporated as a part of the preoperative nutritional assessment to identify high-risk patients who might benefit from goal-directed nutritional supplementation before major surgery. To date, no prospective studies have demonstrated an increase in serum albumin levels in response to preoperative nutritional intervention that have also translated to improved postoperative outcomes. Nonetheless, carbohydrate loading has been recommended in patients 24 hours preoperatively according to the consensus review of ERAS. 32 A systematic review of 13 studies investigating the effects of preoperative nutritional support in patients undergoing gastrointestinal operations concluded that (1) immune-enhancing nutrition significantly reduced postoperative complications but the generalizability of its use may be limited, (2) parenteral nutrition to predominantly malnourished patients reduced postoperative complications, and (3) trials evaluating enteral or oral nutrition were inconclusive. 33 Because current evidence to support preoperative nutrition and implementation of ERAS is in the context of colorectal and gastrointestinal surgery, further studies are needed to investigate the effect of preoperative nutritional intervention and ERAS implementation on outcomes after major elective vascular surgery. 10, [28] [29] [30] [31] 34 This study has several limitations. It is a retrospective review of a large administrative database with its inherent limitation. Variables analyzed were limited to those recorded by the administrative database; therefore, our analysis did not capture clinically-relevant demographic or comorbid factors that may influence preoperative serum albumin levels (ie, liver disease). Furthermore, other measures of preoperative nutritional statusd prealbumin level and other biomarkers, dietary intake, and anthropometric measurements described in prior literaturedwere not available; however, such information is often not routinely collected during the preoperative evaluation. Similarly, outcomes past the 30-day postoperative period are not available in this database; for example, our analysis does not capture wound complications identified past the 30-day follow-up. Finally, there may be selection bias in that severely malnourished patients may have been offered EVAR over OAR or may not have been offered surgery at all because of the projected poor outcomes.
CONCLUSIONS
Preoperative hypoalbuminemia is associated with increased postoperative morbidity and mortality in a severity-dependent manner among patients undergoing OAR and EVAR. The preoperative serum albumin level is a significant prognostic tool and a marker of illness severity in vascular surgery patients. Surgeons should be aware of the implications of a low preoperative serum albumin level and consider preoperative evaluation and optimization of nutritional status in this high-risk population.
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